The primary purpose of these studies was the development of an objective test for distinguishing a sustained diuresis resulting from excessive and habitual water drinking from the polyuria caused by a defect of the neurohypophysis. It is now well established that the hypothalamicohypophyseal mechanism contributes to control of the renal excretion of water by regulating the release of pituitrin. A technic for testing the functional integrity of this system is based on the demonstration by Hare, Hare, and Phillips (1) that the renal response to the administration of hypertonic saline is consistently different in normal dogs and in dogs with experimental diabetes insipidus. They found that the effect of pituitrin during a saline diuresis could be more clearly revealed by centering attention upon the character of the tubular reabsorbate than upon values in the urine; i.e., upon the concentration of chloride in the water taken from glomerular filtrate and restored to the blood, regardless of tubular regions involved in this process. The relation of chloride concentration in the reabsorbate to that in plasma is defined by the R/P ratio. This ratio changes in the normal dog throughout the course of a saline or water diuresis. When hypotonic saline is given intravenously or water by mouth, the chloride R/P rises rapidly from its basal value of one; but when strongly hypertonic saline is injected, the chloride R/P falls progressively. In diabetes insipidus, however, the chloride R/P is initially greater than one and during the infusion of hypertonic saline, it usually increases. The addition of pituitrin to the infusion fluid restores the response to normal, but the quantity of hormone required (500 to 1000 milliunits) is at least 100 times that liberated within the same period from the pituitary of a normal dog under basal conditions (2). It is concluded that, in the normal dog, hypertonic saline causes the release of large amounts of pituitrin from the neurohypophysis.
The primary purpose of these studies was the development of an objective test for distinguishing a sustained diuresis resulting from excessive and habitual water drinking from the polyuria caused by a defect of the neurohypophysis. It is now well established that the hypothalamicohypophyseal mechanism contributes to control of the renal excretion of water by regulating the release of pituitrin. A technic for testing the functional integrity of this system is based on the demonstration by Hare, Hare, and Phillips (1) that the renal response to the administration of hypertonic saline is consistently different in normal dogs and in dogs with experimental diabetes insipidus. They found that the effect of pituitrin during a saline diuresis could be more clearly revealed by centering attention upon the character of the tubular reabsorbate than upon values in the urine; i.e., upon the concentration of chloride in the water taken from glomerular filtrate and restored to the blood, regardless of tubular regions involved in this process. The relation of chloride concentration in the reabsorbate to that in plasma is defined by the R/P ratio. This ratio changes in the normal dog throughout the course of a saline or water diuresis. When hypotonic saline is given intravenously or water by mouth, the chloride R/P rises rapidly from its basal value of one; but when strongly hypertonic saline is injected, the chloride R/P falls progressively. In diabetes insipidus, however, the chloride R/P is initially greater than one and during the infusion of hypertonic saline, it usually increases. The addition of pituitrin to the infusion fluid restores the response to normal, but the quantity of hormone required (500 to 1000 milliunits) is at least 100 times that liberated within the same period from the pituitary of a normal dog under basal conditions (2) . It is concluded that, in the normal dog, hypertonic saline causes the release of large amounts of pituitrin from the neurohypophysis.
If the neurohypophyseal mechanism in man responds in the same manner, its functional capacity should be evident in the renal response of a patient to the intravenous infusion of hypertonic saline. The observations on patients were made by applying the same procedures used by Hare, Hare, and Phillips (1) with 2 modifications: glomerular filtration, necessary in the calculation of tubular reabsorption, was measured by inulin instead of creatinine clearances, and the quantity, of infusion fluid, expressed in relation to body weight, was reduced by more than half. Of secondary interest was the comparison of the renal excretion of salt by normal subjects and by patients with diabetes insipidus. White and Findley (3) reported that salt given by mouth was excreted more slowly than normal by patients with diabetes insipidus, but that pituitrin was not effective in correcting this fault. We (1) failed to find any difference in the renal excretion of salt injected intravenously into normal dogs and those with experimental diabetes insipidus, but since the species and the route of administering the salt were not the same, we extended our observations to man and gave the test dose of salt by mouth and by injection.
PROCEDURES
Seven consecutive clearance periods of about 15 minutes each were run on all patients. The first 2 periods served as controls; during the next 3, a saline solution was infused intravenously at 0.25 cc. per kgm. per minute. Twenty cc. of a 10 per cent inulin solution in isotonic saline were given intravenously 15 minutes before the beginning of the first period and continued as a sustaining infusion at 0.5 cc. per minute throughout the experiment. Urines were collected by catheter and complete emptying of the bladder was assured by repeatedly washing the bladder with air at the end of each clearance period. Blood samples were collected before the experiment (for the inulin blank) and at the midpoint of each period. They were drawn under oil without an anticoagulant and centrifuged immediately.
Thirteen experiments of the type described above were done on 5 normal subjects and 3 patients who were routinely taking pitressin tannate in oil to control their urine 768 volume. For convenience, the term "polyuric" is used to designate these patients, without regard for the cause of their increased water exchange. Pitressin therapy was discontinued and the urine flow allowed to reach a plateau in the patients before any observations were made. In the studies on the renal excretion of chloride, the data from these infusion experiments were used in addition to those obtained on 3 polyuric and 2 normal subjects given salt by mouth. At first, these latter experiments were done according to the schedule of White and Findley (3), but later were extended to cover 24-hour water and chloride exchange. Under this regimen, the urines were voided and pooled into 12-hour samples.
Chlorides in urine and serum were determined by the silver nitrate method of Van Slyke and McLean (4) or by the mercurometric titration of Schales and Schales (5) . After glucose was removed by fermentation, inulin analyses were done according to Harrison's (6) . This patient is a 47-year-old white housewife who has been receiving pituitrin or pitressin tannate in oil for the past 10 years to control a polyuria and polydipsia which began suddenly in 1933 without any history of preceding illness or trauma. Two months after the onset of her polyuria, her visual fields and the x-ray plates of her head were normal. The Wasserman was negative. The daily urine volume varied from 4 to 9 liters, and when water was withheld, the patient became weak and ill. At this time, the patient was given 1 cc. of pituitrin 3 times daily, but for economic reasons, posterior pituitary powder by nasal insufflation was substituted. A week after discharge from the hospital, the patient returned to pituitrin injections. In March, 1940, the patient was put on pitressin tannate in oil, receiving an injection every 12 hours. Her weight on admission, April 16, 1943 , was 78 kgm.
The normal subjects were free from renal disease and in good health.
RESULTS
Since these observations are an extension of those made on dogs, the first 3 experiments were done on a normal subject to establish that the human kidney responded like that of the dog to saline solutions of different concentrations. The data from 1 of these experiments, in which 2.5 per cent NaCl was injected, are given in detail in Table I . The temporal course of the chloride R/P of the 3 experiments, graphically shown in Figure 1 , is similar to that reported for dogs (1) . The elevation of the chloride R/P during the infusion of hypotonic salt solution is attributed Cl4.08- to a diminution of the amount of pituitrin in the blood; the unchanged chloride R/P with isotonic saline indicates little change, if any, in the activity of the neurohypophysis; and the fall of the chloride R/P when hypertonic saline was given signifies the release of pituitrin. In contrast to this, when 2.5 per cent NaCl solution was given to 2 patients (L. S. and M. McC., Table. I) with diabetes insipidus, the chloride R/P, already greatly elevated, increased further ( Figure 2 ). The injection of 0.02 cc. (400 milliunits) of pituitrin along with the saline into 1 of these patients (L. S.) sharply depressed the chloride R/P (Figure 2 ) and the renal response simulated that of the normal subject. The responses of the third polyuric patient (M. M.) were normal ( Figure 2 ) and in sharp contrast to those of the other 2. Three infusions of 0.9 per cent, 2.5 per cent, and 5 per cent NaCl were given and, in all experiments, the results indicate a normal control of the excretion of urine. Not only did the response of the patient's kidneys indicate the presence of an antidiuretic substance, but the excretion of the material in her urine was demonstrated. Thirty-minute urine samples were collected immediately before and after the infusion of 250 cc. of 5 per cent NaCl solution and half of each injected intravenously into a dog with diabetes insipidus according to the method of Hare, Hickey, and Hare (7). Each injection was followed by a period of diminished urine flow which was not caused by a reduction of glomerular filtration, but by an increase in the tubular reabsorption of water ( Figure 3) . The preliminary injection of 1 milliunit of pituitrin was intended to establish the sensitivity of the test animal to the antidiuretic hormone and to provide a response to which subsequent responses could be compared. When the basal urine flow of the test animal remains constant, a high correlation exists between the response and the dose of pituitrin (8) , but when the basal flow changes, as in this assay, the responses to successive doses cannot be accurately compared. However, the presence of an antidiuretic substance in the urine of M. M. is clearly shown, and, on repetition of the assay on another dog, results practically identical with those -shown in Figure 3 were obtained. The significance of the antidiuretic action of this patient's urine is enhanced by the observation that urines from 3 other untreated polyuric patients had a diuretic effect when similarly tested. When pituitrin was injected into 1 of these patients, an antidiuretic substance immediately appeared in the urine. This is in exact agreement with the findings of Hare, Hickey, and Hare (7) that the urine from untreated dogs with experimental diabetes insipidus augmented the urine flow of the test animal, while urine collected from the same dogs after the injection of pituitrin produced an antidiuresis.
These results are so nearly identical with those obtained in dogs, both normal and with experimental diabetes insipidus, that the test for neurohypophyseal function in man is considered valid. However, its complexity makes its clinical application difficult, and a simpler indicator of the presence or absence of pituitrin is the concentra- 
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The addition of 400 milliunits of pituitrin to the infusion fluid changed the response (triangles) of L. S. from that of a patient with diabetes insipidus (solid circles) to one comparable with the normal (squares). tion ratio of chloride (chloride U/P) which can be determined without measuring glomerular filtration. The effect of pituitrin, as indicated by the chloride U/P, is illustrated in Figure 4 . The low chloride U/P ratios of the 2 patients with diabetes insipidus are contrasted with the sharp elevation that occurs when pituitrin is added to the saline. To show that the infusion of hypertonic saline is effective in releasing pituitrin during a water diuresis, a normal subject was given 20 cc. of water per kgm. of body weight during the hour that preceded the infusion of saline. The increase of the chloride U/P (Figure 4) indicates that the hypertonic salt liberates pituitrin in the hydrated as well as in the untreated normal subject.
Another indicator is urine flow, and since it is, of course, easily measured, its use offers a great advantage. Since a very small dose of pituitrin will sharply depress a water diuresis in a normal subject (9) , the intravenous injection of hypertonic saline should also interrupt the course of the diuresis, by causing a release of pituitrin from Figure 5 . Minute amounts of pituitrin also control the polyuria of a patient with a lesion of the hypothalamico-hypophyseal system, but the injection of hypertonic saline, instead of inhibiting the polyuria, causes a further and striking increase in the urine flow. The greatest difference in the responses is seen in the first period after the infusion is discontinued when the urine flow of the patients with diabetes insipidus is 6 and 9 times as great as that of the normal subject. The use of urine flow as an indicator requires the preliminary hydration of the subject, as an antidiuresis cannot be evaluated if the patient is already oliguric. As a matter of fact, under these circumstances hypertonic saline may be diuretic (See experiment 1, Table I ).
When the quantity of chloride excreted after an oral dose was considered, no consistent difference in the response of the 2 groups, normal and polyuric, could be detected, even when the study was followed more than 24 hours after the test dose. Once when a normal patient and one with diabetes insipidus were put on the same high salt diet, the serum chloride of the polyuric patient increased more than the normal and the urinary excretion remained lower. However, this isolated instance of chloride retention after the ingestion of salt can hardly be considered characteristic of diabetes insipidus since in 7 other experiments, the polyuric and normal subjects excreted the salt at almost identical rates.
Better information for comparing renal excretion of salt is included in the data from the experiments in which the salt was injected intravenously. Four representative cases are shown in Figure 6 , in which the chloride excretion, expressed in terms of body weight, is related to time. One of the patients with diabetes insipidus (M. McC.) did excrete chloride at a subnormal rate, while the other (L. S.) responded like the normal subject. The experiment on L. S. was repeated with the addition of pituitrin, and the chloride excretion, which was higher in the control period, continued higher throughout, although the salt injections were identical. The variables in intestinal absorption which may occur after the ingestion of salt are eliminated by injecting the test dose of salt, but even under these conditions, a subnormal excretion of chloride is not a consistent finding in diabetes insipidus. from the pituitary seems to have originated with Gilman and Goodman (10) who used this stimulus as an alternative to withholding fluids to create a need for the conservation of water. While the 2 stimuli may act through different mechanisms, both are effective in causing the renal excretion of an antidiuretic substance. Therefore, experiments using either hypertonic saline or dehydration or both will be cited in arraying the evidence that the antidiuretic substance is of pituitary origin. In the experiments of Gilman and Goodman (10), a quantity of 5 per cent NaCl solution, equal to 5 per cent of the body weight, was given to rats and the urine collected for several hours. The antidiuretic content of the urine, estimated from its inhibitory effect on a water diuresis, was always increased following salt administration to normal animals but was entirely lacking when hypophysectomized rats were similarly treated. Dehydration produced similar results, which have been confirmed, so far as the normal rats are concerned, by Boylston (14) has strongly protested the pituitary origin of this antidiuretic material since he found it in undiminished amounts in hypophysectomized animals. His argument seems less forceful when one considers that his hypophysectomized animals did not have a polyuria and probably re-. tained a remnant of neurohypophysis, for Heinbecker and White (15) have shown that when all the gland is excised a permanent diabetes insipidus is established.
In all the foregoing experiments, the antidiuretic material was recovered by dialysing the urine through collodion membranes. In order to avoid this complication, Hare, Hickey, and Hare (7) mediately injected it intravenously into dogs with diabetes insipidus, that developed an antidiuresis in response to as little as 0.1 milliunit of pituitrin. By this method, it has been found that withholding drinking water (7) or the injection of hypertonic NaCl or Na2SO4 solutions (16) caused normal dogs to excrete an antidiuretic substance in the urine. Dehydration of dogs with diabetes insipidus has no such effect, and the absence of the antidiuretic substance from the urine was correlated with its absence from the pituitary by killing the donor and assaying the atrophic pars nervosa of the pituitary and its attachment to the hypothalamus (7) .
The validity of the test proposed in this paper is only partly dependent upon the pituitary origin of the urinary antidiuretic substance. It is mainly supported by the fact that the difference in the renal response to the infusion of hypertonic saline into normal dogs and into dogs without a neurohypophysis is abolished by large doses of pituitrin (1) . Whether part of the pituitrin liberated by the neurohypophysis is excreted in the urine or not, is not essential to the thesis that hypertonic saline is an effective agent for releasing the hormone.
These limited observations on patients, considered alone, scarcely provide the basis for a differential diagnostic test for diabetes insipidus of pituitary origin, but since they confirm findings on normal and polyuric dogs, on which more than 100 similar experiments have been performed, the evidence for the validity of the test is substantial. The one polyuric patient who gave evidence by this test of having an adequate endogenous source of antidiuretic material differed from the others in another respect. While she had the mildest polyuria, she received 8 to 14 times as much pitressin tannate in oil as either of the others. After it was demonstrated that she excreted an antidiuretic substance in her urine and that her responses to infusions of hypertonic saline were normal, she was persuaded to discontinue pitressin therapy for an observation period of 10 days. She developed no polyuria in that time. Three months after leaving the hospital, she reports that her water exchange has remained normal although she has received no treatment since her discharge. It is believed that her polyuria did not originate in a pituitary lesion but was the -result of a polydipsia.
In the performance of the test, the subject, whether normal or polyuric, should be given 20 cc. of water per kgm. of body weight during the hour preceding the infusion of 2.5 per cent NaCl at 0.25 cc. per kgm. per minute for a 45-minute period. Measured collections at 15-minute intervals, preferably by catheter, before, during, and after the salt injection, provide all the necessary information for a differential diagnosis between a polyuria of pituitary origin and the diuresis that results from ingestion of large amounts of water. It is essential that the diuresis be well established, and that the water drinking be continued until the saline injection is begun, to be certain that any decrease in urine flow is not merely the normal decline of the water diuresis. A marked antidiuresis under these conditions indicates the release of pituitrin. This is very similar to the procedure of Gilman and Goodman and differs only in that instead of collecting that portion of the antidiuretic substance excreted in the urine and demonstrating its potency by injecting it into a second animal with a water diuresis, the antidiuretic substance liberated into the blood of the subject is detected by its direct action on his own kidneys to suppress a water diuresis.
The difference in the response of patients with diabetes insipidus and normal subjects, as measured by the changes in the chloride R/P, in the chloride U/P, or in the rate of urine flow, is abolished by replacement therapy with pituitrin. Since the differences in the renal excretion of chloride, described by White and Findley (3), and confirmed by us in 2 of 4 cases, are not corrected by pituitrin, it is improbable that a subnormal rate of urinary excretion of chloride is the fundamental fault in diabetes insipidus. The absence of pituitrin from the circulation seems to be the primary deficiency and the cause of its absence, whether hydration by water drinking or a lesion affecting the neurohypophysis, can be determined by the injection of hypertonic saline.
SUMMARY
The liberation of the antidiuretic hormone from the neurohypophysis in response to the injection of hypertonic NaCl provides a means for testing the functional capacity of the gland. The inhibition by salt injection of a pre-existing water diuresis is good evidence that the hypothalamico-hypophyseal system is in good order; a continuation or an increase of the high rate of urine flow suggests that the polyuria is of pituitary origin.
